Abstract. Parathyroid carcinoma (PTCA) is a rare disease, and ectopic PTCA is particularly rare. Parathyroid hormone-related protein (PTHrP) expression in PTCA has not been previously described in the relevant literature to the best of our knowledge. The present study reports a unique case with a mediastinal parathyroid carcinoma producing parathyroid hormone (PTH) and PTHrP. A 53-year-old man presented with hyperparathyroidism symptoms, including fatigue, chest pain, dizziness, muscular soreness, polyuria, night sweats and renal stones. However, neck ultrasound revealed no significantly abnormal thyroid or parathyroid nodules. Tc99m methoxyisobutylisonitrile (Tc99m-MIBI) scintigraphy scanning indicated an ectopic mediastinal parathyroid adenoma.
Introduction
Parathyroid carcinoma (PTCA) is a rare malignancy, accounting for 0.005% of all cancers (1, 2) , and ectopic PTCA is particularly rare. The incidence of ectopic parathyroid glands in healthy individuals is ~6% (3) , and are located in the anterior superior mediastinum (4), either within or outside the thymus and along the esophagus, into the posterior superior mediastinum (5) . Therefore, ectopic PTCA is particularly rare.
Although the etiology of PTCA is unknown, history of neck radiation (6) and secondary and tertiary hyperparathyroidism caused by chronic renal failure (7) are known risk factors for PTCA. In addition, PTCA has been associated with hyper-functioning parathyroid glands (8) . Of all types of parathyroid cancer, ~95% are hormonally functional, and frequently exhibit profound symptoms of hyperparathyroidism with marked hypercalcemia and elevated parathyroid hormone (PTH) levels. These symtpoms include polydipsia or polyuria, myalgia or arthralgia, nephrolithiasis, weakness, fatigue, nervousness, depression, renal insufficiency, pancreatitis, peptic ulcer disease or weight loss. Bone pain, osteopenia, osteofibrosis and pathological fractures were the prominent manifestation of skeletal involvement in PTCA (9) .
Parathyroid hormone-related peptide (PTHrP) causes hypercalcemia via increased calcium absorption at the kidney and increased bone resorption. PTHrP is widely expressed at low levels throughout the body in healthy individuals (10) , and is also ectopically secreted at much higher levels by certain solid tumors and in several hematological malignancies (11) . However, to the best of our knowledge, there are no previous reports about co-expression of PTH and PTHrP contributing to hypercalcemia in PTCA. The present study reports a unique case of a patient with an ectopic mediastinal PTCA coproducing PTH and PTHrP.
Case report
A 53-year-old man presented to Qilu Hospital of Shandong University (Jinan, China) on December 2011 with fatigue (with a 1-year history), intermittent chest pain and dizziness (with a 2-day history), and intermittent muscular soreness (with a 9-hour history). The patient also had a 2-year history of polyuria, night sweats and renal stones. There was no family history of renal stones or any other kidney disease. The patient had been healthy previously, with the exception of a surgery performed due to abdominal trauma caused by an accident. A physical examination revealed an average body type (height, 175 cm; body weight, 76.3 kg) with fatigue and stable vital signs [body temperature, 36.7˚C (normal range, 36-37˚C; respiratory rate, 18 breaths/min (normal range, 16-20 breaths/min); blood pressure, 129/83 mmHg (normal range, 120/80 mmHg); and heart rate, 76 beats/min (normal range 60-100 beats/min), with a regular rhythm and no pathological murmurs]. Serum calcium (Ca) on the date of admission was 3.4 mmol/l (normal range, 2.0-2.6 mmol/l). Alkaline phosphatase (AKP) was increased to 722 U/l (normal range, 15-112 U/l), and the levels of PTH in plasma were 2,630 pg/ml (normal range, 15-65 pg/ ml), as measured by VITROS ® ECiQ Immunodiagnostic System (Ortho Clinical Diagnostics; Johnson & Johnson, New Brunswick, NJ, USA). However, other laboratory parameters were normal.
Neck ultrasound (CX50 CompactXtreme; Philips Healthcare, DA Best, The Netherlands) was negative for any significantly abnormal thyroid nodules or parathyroid adenoma and Tc99m methoxyisobutylisonitrile (Tc99m-MIBI) scintigraphy scanning of the parathyroid confirmed the findings of the neck ultrasound. Computed tomography (CT) of the chest, which was performed with an IQon Spectral CT (Philips Healthcare), revealed a 3.5x3.0 cm mass originating in the anterior mediastinum, and Tc99m-MIBI scanning demonstrated increased uptake of Tc99m-MIBI on the mass, which indicated an ectopic mediastinal parathyroid adenoma (PTA; Fig. 1 ). Enhanced CT scanning produced a low-density image of the costal bone, right humerus and partial vertebral body. However, no widespread bone metastasis was observed.
Subsequently, the patient received intravenous hydration (10-12 l/day of 0.9% normal saline) and combined treatment with calcitonin (100 IU, i.h, q.d.; Novartis, Basel, Switzerland), alendronate sodium tablets (10 mg, p.o., q.d.; Instituto Gentili S.p.A., Milan, Italy), pamidronate disodium (30 mg, i.v. drop infusion, q.d.; Shenzhen Haiwang Pharmaceutical Co. Ltd., Guangzhou, China) and furosemide (20 mg, i.v. injection, q.d.; Huanggang Yinhe Aarti Pharmaceutical Co.,Ltd., Huangzhou, China). The day prior to surgery, the patient's serum Ca reduced to 2.42 mmol/l. Therefore, all treatment that aimed to reduce serum Ca was halted. The patient underwent transthorascopic surgery to remove the giant mass in the anterior mediastinum. Surgical exploration revealed a large mass (5x3x3 cm in size) that adhered to the superior vena cava and azygos vein. Histopathological examination revealed a parathyroid carcinoma. Hematoxylin (C0107; Biyuntian Biotech Co., Ltd.) and eosin (C0109; Biyuntian Biotech Co., Ltd.) staining and immunohistochemistry (IHC) results are presented in Fig. 2 (Fig. 2) .
A total of 2 days subsequent to surgery, the patient developed perioral numbness and tingling in his extremities, and serum Ca was 1.81 mmol/l. Subsequently, the patient was administered calcium carbonate and vitamin D3 tablets (600 mg, p.o., q.d.; Pfizer Inc., New York City, NY, USA), calcitriol soft capsules (0.25 µg, p.o., q.d..; Fritz Hoffmann-La Roche AG, Basel, Switzerland) and calcium gluconate (1 g, i.v. injection, t.i.d.; Jinling Pharmaceutical Co., Ltd., Nanjing, China). With these drugs, the symptoms of numbness and tingling were resolved, and 2 months later, the patient's PTH was 65.8 pg/ml and serum Ca was 1.96 mmol/l. There was no tumor recurrence at a 3-year follow-up appointment, and serum Ca and PTH levels remained within normal ranges. The patient is currently under follow-up.
Written informed consent was obtained from the patient for publication of the present case report and any accompanying images.
Discussion
PTCA is a rare cause of hypercalcemia, accounting for <1% of patients with primary hyperparathyroidism (2) . In contrast to PTA, the prevalence of men is equal to women in patients with PTCA (12) . The mean age at diagnosis is between 45 and 59 years, which is 10 years younger than patients with PTA (6) . A total of 20-25% of parathyroid glands are in ectopic sites, and the neck and mediastinum are common ectopic sites (13) . Therefore, PTCA has also been deemed as a mediastinal fifth parathyroid gland. (14) .
The present study described the presentation and management of a patient with PTCA. PTCA and PTA have similar clinical and biochemical symptoms, and histological features alone often cannot entirely distinguish between them, therefore it may be difficult to diagnose PTCA (15) . However, patients with PTCA have severe hypercalcemia (>15 mg/dl; normal range, 8.02-10.42 mg/dl) and markedly elevated PTH (>300 pg/ml; normal range, 15-65 pg/ml) (2). In addition, PTCA is larger than PTA (median size, 3.3 cm vs. 1.5 cm) (16) . Furthermore, the mean levels of AKP in PTCA are typically elevated by three-fold or more (17) . According to these parameters, the present patient could be diagnosed as PTCA prior to surgery. The rapid postoperative normalization of PTH levels and prolonged hypocalcemia of the present patient was most likely due to 'hungry bone syndrome', which is characterized by prolonged (>4 days following parathyroidectomy) hypocalcemia (serum calcium levels, <8.4 mg/dl) or severe primary hyperparathyroidism as a result of extensive remineralization of bone tissue (18) . In consequence, the patient received medical treatment of calcium gluconate, vitamin D3 and calcitriol. Increased PTH levels following postoperative normalization may reveal tumor recurrence. Therefore, the PTH level should be monitored during patient follow-up.
PTHrP caused hypercalcemia is widely observed in various malignancies, including lung cancer (19) , breast carcinoma (20) , hematological malignancies (21) and squamous cell carcinomas of the head and neck. PTHrP protein has been observed in normal parathyroid, adenomas and hyperplasia (22) . However, PTHrP has not yet been reported in PTCA to the best of our knowledge. The present study is the first report that the tumor tissue of PTCA is able to express PTHrP, which contributes to the pathogenesis of hypercalcemia in PTCA with hypersecretion of PTH. Furthermore, PTHrP may cause hypercalcemia with normal levels of PTH (23) .
The majority of clinicians recommend en bloc resection at the initial surgery to offer the best chance for cure (5), but it requires accurate positioning prior to the operation and to ascertain its nature. Although markedly elevated serum Ca, PTH, AKP and tumor size indicate the presence of tumor tissue (2), clinicians have to decide the origin of the ectopic mass. Ultrasound is widely applied in routine inspection of the thyroid and parathyroid (24) , but it could not diagnose parathyroid malignancy. However, the sensitivity of Tc99m-MIBI scintigraphy scanning combined with ultrasound is considered as high as 95% for the diagnosis of parathyroid carcinoma (25) , and this technique is able to discriminate parathyroid masses from thyroid masses and higher sensitivity to distinguish malignancy from benign tumor. Diagnosis of malignant tumor, in conjunction with detailed images of enhanced CT provide, the initial surgical approach was established. Complete surgical resection is associated with an 8% local recurrence rate and a long-term overall survival rate of 89% (mean follow-up time, 69 months) (26) . Adjuvant radiation therapy following surgical resection is an area of ongoing investigation due to the common local recurrence (12) .
PTCA is an extremely rare disease, but it should be considered in patients with severe hypercalcemia (>15 mg/dl), markedly elevated PTH (>300 pg/ml), large tumor size (median size, 3.3 cm), AKP levels elevated by threefold or greater and various symptoms of hyperparathyroidism. Tc99m-MIBI scintigraphy scanning combined with ultrasound may assist with the identification of tumor origin and nature in an ectopic mass.
In summary, the present case reported a patient with ectopic mediastinal parathyroid carcinoma cosecreting PTHrP and PTH, which contributed to hypercalcemia. It will be necessary to continue monitoring the plasma levels of PTHrP and PTH in the present patient and to perform further analyses on the different roles of PTHrP and PTH in PTCA. Currently, surgery remains the sole curative treatment for PTCA, although close clinical and radiological follow-up is advocated, due to the high risk of relapse.
